Abstract. We give a nonstandard method of integrating the equation Bu"+ Cu'+Au =f in Hilbert space by reducing it to a first order system in which the differentiated term corresponds to energy. Semigroup 
Bu"(t)+Cu'(t)+Au(t)=f(t), t>0.
We shall rewrite this as a first order system. Define Mw'(t)+Lw(t)--(O,f(t)), t>0.
Our plan is as follows. In 2 we obtain existence and uniqueness results under hypotheses which imply that Problems i and 2 are equivalent. Examples of initial-boundary value problems to which our results apply are given in 3. Approximate solutions are obtained in 4 from standard Faedo-Galerkin projection techniques. When C= cA, e >=0, the L-projection factors into the Aprojection onto a subspace of V; then we can give energy norm error estimates for models of finite-element subspaces when A is an elliptic operator of order 2. Finally, in 5 we examine the error resulting from certain perturbations of (1.1) into more regular models which are parabolic. In certain models these regularizations represent artificial viscosity or artificial inertia. DZt u e AD,u Au F(x, t), DZu-e ADZu-Au =F(x, t),
This problem arises in classical vibration models in which e represents inertia [13, 278] . results from the rotation while that with a >0 is contributed by a vertical temperature gradient [10, 6] . Similarly, certain models of wave motion in a rotating stratified fluid [17] vibrations which lead to systems in the form of (1.1) in which the operators are 2 x 2 matrix-operators. Our results apply to these as well.
4. Approximation by projection. In order to describe the approximation methods we shall discuss, we denote as indicated the following forms" a(x, y)=(Ax, y), c(x, y)=(Cx, y), x, y V, b(x, y)= (Bx, y), x, y e W, m(x, y)= (Mx, y), x, yeV,,,=VxW, l(x, y)= (Lx, y), x, yeV=VxV. The preceding proofs give estimates for problems of first order in time in the form of Problem 2.
Proposition 6 applies directly to Examples 2 and 3 of 3. After an elementary change of variable, Example 1 with r 0 is included. In the following section we indicate how Example 4 can be perturbed into a "nearby" problem to which Proposition 6 applies.
Since B is not required to be coercive, Proposition 6 gives error estimates for problems like the following:
Dtu(x, 0)= u2(x), u(x,t)=O, X6Fo, t=>O. Such problems arise as linear approximations of gravity waves [11] , [15] . Ilu(t)-u(t)ll +llu'(t)-u(t)ll + ellu(t)-u(t)ll <-ere Ilull, O<-<= r.
The point of Proposition 9 is to perturb Example 4 into a form to which Proposition 6 can be applied. An attempt to do so by introducing the unknown v(t) e-X'u(t) leads to Problem 1 for v with A replaced by the coercive A +, 2B but at the expense of introducing a term 2)Au'(t), thus making Proposition 6 nonapplicable.
Similar techniques work for corresponding problems with a first order time derivative. Such a problem arises with the equation Dt(Au(x, t)) + D1 u(x, t) 0 for divergence-free Rossby waves [10, 7] .
